Penicillin-binding proteins were identified in Borrelia burgdorferi membranes. A 94-kilodalton penicillinbinding protein was the first to be labeled with tritiated penicillin and was the first band to disappear in a competition experiment. Its binding ability was destroyed when membranes were preboiled. In addition, several of these penicillin-binding proteins comigrated with bands previously identified as surface proteins.
The primary therapy for infections caused by Borrelia burgdorferi, the etiological agent of Lyme disease, has been beta-lactam antibiotics, including penicillin and ceftriaxone (6, 15) . Spratt first demonstrated that beta-lactam antibiotics inactivate enzymes involved in peptidoglycan synthesis in both gram-positive and gram-negative bacteria and named these proteins penicillin-binding proteins (PBPs) (13, 14) . Penicillin is effective against Treponema pallidum (7) and Borrelia hermsii (12) , and several recent reports have demonstrated PBPs in these organisms, indicating that they possess peptidoglycanlike structures (la, 5, 11) . Although penicillin is also effective against B. burgdorferi, penicillin concentrations as high as 1 mg/ml fail to kill 99% of B. burgdorferi organisms within the first 24 h of coincubation (9) . We PBPs were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with the Laemmli buffer system (8) and 10% gels. En3Hance (New England Nuclear Corp., Boston, Mass.) was used for fluorography by following manufacturer specifications. Gels were dried and exposed to Kodak X-Omat R film or preflashed film at -70°C for 3 to 14 days. Figure 1, PBPs with apparent molecular masses of 94 and 57 kilodaltons (kDa) were labeled with the smallest amounts of penicillin, followed by PBPs of 64, 59, 39, 37, 34, 31, 22, and 18 kDa. The results of a competition experiment (Fig. 1 , lanes e to h) revealed that the 94-kDa protein disappeared with the lowest concentration of preincubated cold penicillin, while at higher concentrations, all of the PBPs began to disappear in a dose-dependent manner. The PBP profiles in Fig. 2 revealed that the 94-kDa protein disappeared after boiling for 10 min, while the other proteins still bound some labeled penicillin, but to a small degree. When Escherichia coli membranes were subjected to a similar treatment, PBPs 1 to 6 disappeared after boiling for 10 min (data not shown).
This communication represents a study identifying PBPs in B. burgdorferi. The apparent molecular masses of these PBPs are consistent with those reported for other gramnegative organisms (16) and for spirochetes (la, 5, 11) . Whether all these proteins are PBPs in the classical sense and/or are proteins that bind penicillin via other mechanisms remains to be determined. We have encountered phenomena similar to those reported by other investigators when working with spirochetes. Cunningham et al. identified six additional PBPs when using larger amounts of labeled penicillin. The 94-kDa PBP in B. burgdorferi is similar in molecular mass to the 94-kDa PBP detected in T. pallidum by Radolf et al. (11) and also appears to possess a high affinity for penicillin, as determined by our labeling experiments (Fig. 1,  lanes b to f) . Both Cunningham et al. and Radolf et al. raised questions about proteins that are labeled with penicillin but are not true PBPs (5, 11) . E. coli membranes were also run as controls in our experiments. The tritiated penicillin that was used in all of our experiments labeled the six classical PBPs reported by Spratt (13) , and boiling the membranes before labeling totally obliterated any binding. Luft et al. described several proteins labeled with two different techniques used to detect surface polypeptides (10) . It is interesting to note that the molecular masses of some of these are similar to those of the PBPs in our study, especially the 31-kDa major outer surface protein (OSP A). In (2) . Experiments using immunological approaches to determine the topology of the various borrelial proteins as well as PBP assays with cloned OSP A and OSP B are currently under way. A novel mechanism of penicillin binding to a number of membrane proteins of B. burgdorferi may explain the limited lethal effect of penicillin on this organism.
